Parks Road disparities to the target column by displacing each monocular half-image by an equal and opposite amount, Oxford OX1 3PT United Kingdom in the traditional way. This is equivalent to a real 3D displacement in the "cyclopean" direction. In the other 2 Smith-Kettlewell Eye Research Institute San Francisco, California 94115 two conditions, we displaced the target dots in either the right or the left eye's image, leaving the other eye's image unchanged. This is equivalent to a real 3D displacement directly toward one eye. If disparities are Summary measured relative to the Vieth-Mü ller circle (or the fixation plane, which is approximately the same for the small It is convenient to think of an object's location as a stimuli we used), then stereo thresholds for detecting point within a Cartesian framework; the x axis corredisplacement of the target in these three conditions sponds to right and left, the y axis to up and down, and should be the same. However, if disparities are meathe z axis to forward or backward. When an observer is sured relative to a local surface, then thresholds in these looking straight ahead, binocular disparities provide three conditions should vary systematically with the information about distance along the z axis from the slant of the surface. Figure 2A illustrates the prediction fixation plane [1, 2]. In this coordinate system, changes of this "surface" hypothesis for one direction of slant. in disparity are treated as independent of changes in
On separate runs, we tested observers' sensitivity for detecting that the target had been shifted to each of the different locations shown in Figure 3 . We repeated the measurements for two opposite grid slants. The results show that increasing lateral displacements increase the detectability of the target (greater proportion correct) and that adding a disparity (filled and unfilled triangles) generally improves detectability over and above the zero disparity condition (crosses), as one would expect. There is also a clear asymmetry in the pattern of results, of the type predicted by the surface hypothesis. In those conditions when the target is more distant from the reference plane, performance is relatively good, and when it is close to the reference plane performance is relatively poor. (A comparison of the eight data points at lateral positions of Ϯ 1 arcmin show this asymmetry most clearly.)
The predictions of the surface model are shown by the smooth curves in Figure 3 . In general, models of sensitivity take into account the visual system's sensitivity to one cue in isolation (e.g., disparity or lateral dis- with respect to the reference plane. We measured sensitivity to these two types of displacement in isolation and ment in order to avoid prejudging how subjects would used the results to predict performance in the other, perceive the displaced stimulus and whether they would mixed-cue conditions. The model clearly predicts the use the perceived depth, lateral shift, or some combinadirection of the asymmetries in the data. The predictions are close to the 95% confidence interval value for the tion of the two to identify the displaced target column. Figures 3A and 3B.) a surface-based system, including the insensitivity of the representation to head movements. Any model that will successfully predict these data must take into account both the disparity and the lateral position of points. One measure that does this is disparExperimental Procedures ity gradient [3] . However, the disparity gradient between two points is not the same as the disparity of a point 
Model
The curves shown in Figure 3 were calculated as follows. For each grid slant, we calculated (1) k 1 , the detectability (dЈ) per arcmin of target disparity when the target had no lateral displacement, and (2) k 2 , the dЈ per arcmin of target displacement along the plane of the grid (in both cases, by measuring performance for displacements that are not shown in Figure 3 ). The dЈ versus displacement plots were fitted with a straight line constrained to pass through the origin. Then, for each target position, we computed the expected dЈ contribution from disparity (dЈ d ϭ k 1 d r , where d r is target disparity with respect to the reference plane) and from the component of lateral displacement (dЈ l ϭ k 2 l r , where l r is target displacement along the reference plane). By probability summation, the expected detectability of the target, dЈ t , is dЈ t 2 ϭ dЈ d 2 ϩ dЈ l 2 .
We adjusted these dЈ estimates to account for cue-independent errors (as if the subject made a random response on a small proportion of trials [10]). The best fit for this error rate, , was computed once for the entire data set for each subject ( ϭ 0.05 for the data shown, with no significant change in this value when computed using a model based on disparity with respect to the fixation plane rather than the reference plane). is the only free parameter in the model. In Figure 3 , the dЈ predictions have been converted to proportion correct. In the symmetric, fixation plane model referred to in the text, dЈ d ϭ k 1 d f and dЈ l ϭ k 2 l f , where d f is disparity with respect to the fixation plane and l f is lateral displacement along it.
